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The National Resident Assessment Instrument (RAI) was introduced a quarter century ago, 4 
was fully operational by October 1991 and appeared to reduce the prevalence of dehydration 5 
from 2% to 1% in nursing home residents1.  Despite this [X et al, reported in this issue of 6 
JAND] have found that 38% of long term care residents were dehydrated (assessed using 7 
serum osmolality), and a further 30% had impending dehydration.  These 132 long-term 8 
residents of eight long term care facilities in Nashville had a blood sample and a written order 9 
for caloric supplementation, but were not receiving hospice care, enteral or parenteral 10 
nutrition.  The mean age of the 247 adults included in the study (not all had a blood sample) 11 
was 83 (SD 11) years, mean body mass index (BMI) 25 (SD 5) kg/m2, and 79% were 12 
women2.  Hydration status was measured using serum osmolality (directly measured by 13 
freezing point depression).  A resident was dehydrated where their serum osmolality was 14 
>300mOsm/kg, had impending dehydration where their serum osmolality was 295-15 
300mOsm/kg, and they were normally hydrated below 295mOsm/kg3, 4.   16 
 17 
This echoes recent research in United Kingdom (UK) residential care, the Dehydration 18 
Recognition In our Elders (DRIE) study5, which found that 20% of older residents were 19 
dehydrated, and a further 28% had impending dehydration (using the same criteria as [X et al, 20 
reported in this issue of JAND]2).  The DRIE population were similar to those reported here, 21 
were living in long term care, though slightly older, heavier and more male (188 adults, mean 22 
age 86, SD 8, years, BMI 26, SD 6, kg/m2, and 66% women).  There appear only to be two 23 
other studies from long term care settings that have assessed serum osmolality (and so 24 
assessed hydration status accurately).  Stotts found that 19% of 48 United States (US) nursing 25 
home residents at risk for pressure ulcers were dehydrated, and a further 44% had impending 26 
dehydration, while Gaspar found that none of 36 US long term care residents were 27 
dehydrated (8% had impending dehydration)6, 7.  While high rates of dehydration are not 28 
totally consistent (ranging from 8% to 68% of older adults having either impending or current 29 
dehydration), these figures suggest that dehydration is common.  Rates of dehydration in 30 
older adults admitted to hospital are also variable but often high (see Table)8.   31 
 32 
So why are so many older adults living in long term care in developed countries dehydrated?   33 
 34 
Both recent studies2, 5 examined factors associated with dehydration in long term care 35 
residents in cross-sectional analyses.  [X et al, reported in this issue of JAND]2 suggest that 36 
risk of dehydration was associated with diabetes, mental status score based on the mini-37 
mental state examination (MMSE) score and higher blood urea nitrogen (BUN).  Factors 38 
assessed, but not associated with dehydration in multivariate analysis included age, sex, BMI, 39 
functional status, energy intake, drink (beverage) consistency, total water intake, snack 40 
frequency, and type of oral nutrition supplement.   Factors associated with dehydration in the 41 
UK DRIE5 cohort were diabetes, lower cognitive function (also based on MMSE score) and 42 
lower estimated glomerular filtration rate (eGFR).  Being male, having more health care 43 
contacts in the past 2 months and not using potassium-sparing diuretics were associated with 44 
increased risk of dehydration in some (but not all) analytic models.  Factors assessed, but not 45 
associated with dehydration in DRIE included age, needing thickened drinks, needing help 46 
drinking, a variety of current and chronic health factors, a variety of measures of urinary and 47 
fecal continence, functional status, BMI , other measures of nutritional status and 48 
medications.  The consistent factors associated with dehydration in both studies are diabetes, 49 
poor renal function (though measured in different ways) and poor cognition.   50 
 51 
Why are these particular factors associated, and consistently associated across continents in 52 
different care systems, with dehydration?  To discuss this we need to start by defining 53 
dehydration – a term rather like malnutrition in that it refers to several distinct problems. 54 
Malnutrition always refers to poor nutrition, but may refer to protein-energy malnutrition, or 55 
to scurvy, or to obesity, conditions which have different causes, different symptoms and 56 
different treatments.  Dehydration is similar - it always refers to a shortage of fluid in the 57 
body, but covers water-loss dehydration and salt-loss dehydration, which have different 58 
causes, different symptoms and different treatments9.  [X et al, reported in this issue of 59 
JAND] reports on water-loss dehydration (also called intracellular dehydration, or simply 60 
dehydration), measured by serum osmolality, which signifies that someone is not drinking 61 
enough3, 9, 10.  This is distinct from salt-loss dehydration (also called extracellular 62 
dehydration, or hypovolemia) where the shortage of fluid is due to excessive losses of fluid 63 
and electrolytes (and sometimes other components also, through diarrhea, vomiting, or blood 64 
loss) and serum osmolality is not raised.  Water-loss dehydration is a nutritional deficiency, 65 
the result of insufficient fluid intake, and occurs in otherwise well individuals, while salt-loss 66 
dehydration is usually the result of an illness, a medical condition.   67 
 68 
The mechanism of water-loss dehydration is that with insufficient drinking (insufficient fluid 69 
intake) the serum components become more concentrated (which raises serum osmolality).  70 
To equalize osmolality between the intracellular and extracellular fluids water moves from 71 
cells into the extracellular fluids, diluting the serum but concentrating intracellular fluid and 72 
shrinking the cells.  This is water-loss dehydration.  Humans are physiologically protected 73 
against water-loss dehydration and its consequences through several elegant feedback 74 
mechanisms.  Cell membrane osmoreceptors are triggered as intracellular fluids become more 75 
concentrated, and these trigger thirst (ensuring that we seek fluid, drink, and resolve the 76 
problem).  At the same time (and in case there is no fluid to drink nearby) they cause the 77 
release of vasopressin (also called antidiuretic hormone, ADH) which increases water 78 
resorption in the renal tubules, so that the urine is concentrated and further fluid loss is 79 
limited10.   80 
 81 
So why do so many older adults have water-loss dehydration?  It appears that as people age 82 
these basic feedback mechanisms that protect them against water-loss dehydration are 83 
weakened or lost.  Thirst is no longer associated with raised serum osmolality in older adults5, 84 
11-13.  At the same time renal concentrating capacity becomes more limited14, so that urine 85 
concentration (measured by urinary color, specific gravity and osmolality) ceases to indicate 86 
hydration status in older adults13, 15, 16.  This leaves older adults at high risk of dehydration, 87 
without the normal physiological responses. 88 
 89 
Diabetes is likely to be associated with dehydration, because when diabetes is not well 90 
controlled, and blood glucose rises, it results in higher serum osmolality (serum glucose is a 91 
component of serum osmolality, as reflected in osmolarity equations)17-19.  It is intriguing, 92 
though, that when individuals with raised or unknown serum glucose were omitted from 93 
analyses in the DRIE study, use of diabetic medication was still associated with dehydration 94 
in multivariate analyses5, suggesting that there may also be other mechanisms involved.  95 
 96 
The association of poor renal function (measured by BUN or eGFR) with dehydration 97 
reinforces the importance of renal function in retention of fluid when fluid intake is limited, 98 
as we would expect from the physiological mechanisms.  However, the association could also 99 
reflect a rise in BUN resulting from limited renal function.  BUN (also called serum urea) is a 100 
key component of serum osmolarity equations, and of directly measured osmolality17-20.   101 
 102 
So maybe the links between diabetes, renal function and dehydration are obvious.  But, why 103 
is poor cognitive function associated with dehydration?  The relationship is consistent, and 104 
appears to be linear.  As cognitive function becomes more limited, both serum osmolality and 105 
the odds of dehydration rise5.  As our normal physiological responses fade, it is likely that we 106 
become more dependent on routine, habit and social interaction to ensure we drink enough to 107 
maintain hydration.  Dementia and limited cognition disrupt routine, and disturb social 108 
relationships (as does aging itself, as we get older we often lose key friends, relatives and 109 
partners), so that drinking may drop off without any conscious decision to reduce drinking.  110 
With the forgetfulness of dementia older adults lose their awareness of when they last drank, 111 
and eventually lose awareness of the need to drink. In the absence of thirst the body does not 112 
prompt drinking when drinks are forgotten.  On top of these problems, dehydration can 113 
worsen cognitive function, creating a vicious circle21, 22. 114 
 115 
Almost as interesting as the factors associated with dehydration are those that were tested and 116 
found not to be associated with dehydration.  Eating and drinking dependence and total 117 
functional status were assessed and found not to be strongly related to serum osmolality in 118 
multivariate analyses in either study2, 5.  This suggests that in the context of long term care 119 
those who struggle to drink or gain access to drinks are appropriately supported, so that this 120 
potential risk factor is overcome23.  Needing thickened drinks was also assessed in both 121 
studies and not found related to serum osmolality, but in the case of DRIE there were few 122 
participants needing thickened drinks, so analyses may simply be underpowered, and larger 123 
studies will be needed to assess this relationship.  Age was not related to serum osmolality in 124 
either study, perhaps because in the long term care context all are frail and most are either 125 
cognitively or functionally limited, regardless of their age – so that age may still predict 126 
dehydration (as an indicator of frailty) in older adults living independently in the community 127 
(research in those living independently will be needed to test this hypothesis). BMI was not 128 
associated with serum osmolality in either multivariate analysis.   129 
 130 
Perhaps most intriguing, given that serum osmolality reflects inadequate fluid intake, [X et al, 131 
reported in this issue of JAND] found no relationship between total fluid intake and serum 132 
osmolality.   Does this suggest that fluid needs are highly individual, or an inability to 133 
accurately measure fluid intake in older adults in this setting?  The methodology of fluid 134 
assessment in this study appears very strong, weighing all food and fluid intake at meal and 135 
snack times, over two 24-hour periods.  However, long term care residents in the UK often 136 
drink between set meal and snack times.  Residents may keep a bottle of lemonade or a 137 
special type of fruit juice in their bedroom, drink water from a jug in their room, or directly 138 
from their faucet.  Visitors may make drinks for residents, request them from care staff (to 139 
share with residents) or take residents out for drinks to local shops, cafes, bars or tea rooms.  140 
Fluids taken with medications can also be important for fluid intake.  The relationship 141 
between drinks intake and hydration status needs to be explored further in future research, 142 
perhaps assessing daily water turnover very accurately using deuterium oxide24. 143 
 144 
The crucial question, raised by [X et al, reported in this issue of JAND], is what this tells us 145 
about how we support older adults to drink well.   The authors provide good suggestions for 146 
actions we can take.  While many interventions have been tested, none are clearly effective at 147 
promoting fluid intake and protecting against dehydration in older adults25, 26.  We need 148 
methodologically rigorous and well-powered studies to assess ways to improve fluid intake in 149 
older adults.  A variety of avenues need to be explored, remembering that in the absence of 150 
basic physiological protection against dehydration we need to ensure that older adults are 151 
aware of the need to drink, and that because they are not feeling thirsty they must not assume 152 
they have drunk enough.  We may need to provide older people with tools to assess and 153 
monitor their own drinking (for example a Drinks Diary, recently developed to help older 154 
adults in residential care to record their own drinks intake27).  Multifactorial interventions 155 
including individual assessment of barriers to drinking, education, monitoring, prompting, 156 
variety, regularity and choice of drinks, addressing continence and even medications may be 157 
needed, as well as interventions at local and national policy levels25.  As care-givers, we must 158 
consider how to support continued drinking even in the face of receding cognitive function by 159 
supporting social relationships, routine and the enjoyment of drinking26. 160 
 161 
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Table. Percentages of older people (aged 65+) with impending and current dehydration from various population samples and settings.  
Setting  Sample Country Sample 
size 
N (%) with impending 
dehydration 
 (295-300mOsm/kg) 
N (%) with current 
dehydration 
(>300mOsm/kg) 
 
Residential 
care 
Long-term care residents US2 132 40 (30%) 50 (38%) 
Older people living in residential care UK5 188 52 (28%) 38 (20%) 
Long-term care or acute psychiatric unit US7 36 3 (8%) 0 (0%) 
Nursing home residents at risk of pressure ulcers US6 48 21 (44%) 9 (19%) 
 
Older people 
living at 
home 
Healthy people living in the community US28 21 2 (10%) 2 (10%) 
People who entered a residential research facility 
for 4 days 
US29  43 13 (30%) 2 (5%) 
Frail elderly people living at home Japan30  71 5 (7%) 2 (3%) 
Healthy male volunteers  US12 10 2 (20%) 0 (0%) 
Healthy older people Sweden31 13 7 (54%) 2 (15%) 
 
Hospitalized 
groups 
People admitted to hospital as emergencies UK32 200 NR 69 (37%) 
Adults (> 60 years) admitted to acute medical care 
or emergency department 
UK15 130 27 (21%) with serum osmolality 
≥295mOsm/kg 
People admitted to intensive care, surgical and 
neurosurgical high dependency units 
UK33 17 0 (0%) 4 (24%) 
People admitted to hospital within 48 hours of a 
mild or moderate acute stroke  
UK34 31 5 (16%) 18 (58%) 
Older people admitted to an acute medical unit  UK35 106 16 (15%) 4 (4%) 
People in hospital intensive care unit (ICU) Austria36 34 8 (24%) 18 (53%) 
Elderly people attending the emergency room of a 
tertiary care center 
Sweden 
(reported13) 
40 14 (35%) 15 (38%) 
 
 
